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 Long-term evolution (LTE) femtocells represent a very promising answer to the ever 
growing bandwidth demand of mobile applications. They can be easily deployed 
without requiring a centralized planning to provide high data rate connectivity with a 
limited coverage. Femtocell is low-power, very small and cost effective cellular base 
station used in indoor environment. However, the impact of Femtocells on the 
performance of the conventional Macrocell system leads interference problem between 
Femtocells and pre-existing Macrocells as they share the same licensed frequency 
spectrum. Frequency Reuse (FR) is an effort of manipulating the frequency resource 
allocation upon terminal's location to improve system capacity. In this paper, an 
efficient method to improve system capacity through interference management in the 
existing FemtoMacro two tier networks has been proposed. In the proposed scheme, a 
novel frequency planning for two tiers cellular networks using frequency reuse 
technique is used where Macro base stations allocate frequency sub-bands for 
Femtocells users on-request basis through Femtocells base stations to cancel 
interference. 
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INTRODUCTION 

     
Fourth generation (4G) wireless systems (and 

beyond) are currently being developed to meet the 
explosive growth in demand for higher data rates by 
wireless devices. Due to the appealing characteristics 
of OFDMA, the major 4G standardization bodies 
such as IEEE and 3GPP/3GPP2 have adopted 
OFDMA as the main radio access technology for 4G 
standards such as WiMAX (worldwide 
interoperability for microwave access) and LTE 
(long term evolution) (Chandrasekhar, V. and J.G. 
Andrews, 2008; Mansfield, G., 2008). Long Term 
Evolution (LT E) system is designed to achieve high 
spectral efficiency using Orthogonal Frequency 
Division Multiple Access (OFDMA). OFDMA and 
Single Carrier Frequency Division Multiple Access 
(SC-FDMA) are used for Downlink and uplink 
transmission respectively. However, indoor cell 
phone signal is one of the concerning issue in L TE 
technology. It has been found that a significant 
percentage of voice calls and data traffic are 
originated from the indoor environment. In fact 
indoor environments contribute for more than 50% of 
voice calls and more than 70% of data traffic services 
(Mansfield, G., 2008). Nowadays, the main base 

station (BS), known as Macro BS (M-BS), has the 
problem of maintaining strong  

signals after penetrating through the walls in 
order to provide satisfactory services for indoor 
users. Femtocell is the most recent step towards 
increasing the network capacity of a wireless 
network and improving the quality of service for 
cellular users. A conventional cellular network 
overlaid with femtocells can provide better improved 
coverage, quality of service, and system capacity. 
Femtocell base stations are user-deployed which are 
low-power, low-cost home base stations that enhance 
the cellular network. A Femtocell BS (F-BS) is 
installed by end users at homes or offices which 
provides a wireless interface for subscribers and it 
connects a small number of cellular users and the 
core Telephony Network via wired internet (3GPP 
TR 36.921 V 10.0.0) It is used for the purpose of 
indoor network access. The typical indoor coverage 
of a Femtocell is in the order of ten meters. A 
Macrocell covered by M-BS can contain hundreds of 
F-BSs. Home base station or Femtocell is the 
solution to improve the indoor coverage 
(Chandrasekhar, V. and J.G. Andrews, 2008). 
However the intercellular interference (Jie Zhang, 
Guillaume de la Roche, 2010) is one of the major 
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problems in the LT E system. This is caused by 
overlapping of frequency bands as a result of 
deploying Femtocells randomly in Macrocell area. 
The cochannel interferences occur between 
Femtocell and Macrocell because both of them use 
the same frequency band (Claussen, H., 2007; Cho, 
K., et al., 2009; Ho, L.T.W. and H. Claussen, 2007). 
Using OFDMA as a multiple-access technique, a 
good alternative to control co-channel interference 
between Femtocell and Macrocells in LT E system is 
dynamic assignment of physical resource blocks 
(PRBs). Femto users and Macro users who are 
interfering with each other will be allocated different 
PRBs. In this paper, a simple and efficient 
interference mitigation technique by allocating on 
request PRBs to Femtocells user through Femtocells 
base station under sectored-FFR OFDMA two tiers 
Macro Femto cellular system has been proposed. 
FFR is one of the solutions to reduce co-channel 
interference between Macrocell and Femtocell. So, it 
focuses on the interference mitigation between the 
Macrocell and the Femtocell by improving system 
throughput using 'On Request' channel allocation 
method in FFR approach.. 

                       
Review of Literature: 
(Chandrasekhar, V. and J.G. Andrews, 2008) 
"Performance of Macro- and co-channel 
Femtocells in a hierarchical cell structure," IEEE 
18th International Symposium on Personal, Indoor 
and Mobile Radio Communications (PIMRC 2007, 
September 2007. 

In this project, the feasibility of user deployed 
femtocells in the same frequency band as an existing 
macro-cell network is investigated. Key requirements 
for co-channel operation of femtocells such as auto 
configuration and public access are discussed. A 
method for power control for pilot and data that 
ensures a constant femtocell radius in the downlink 
and a low pre-definable uplink performance impact 
to the macro-cells is proposed, and the theoretical 
performance of randomly deployed femtocells in 
such a hierarchical cell structure is analyzed for one 
example of a cellular UMTS network using system 
level simulations. The resulting impact on the 
existing macro-cellular network is also investigated. 

 
(Mansfield, G., 2008) "Effects of user-deployed, co-
channel Femtocells on the call drop probability in a 
residential scenario," IEEE 18th IntI. Symposium 
on Mobile Radio Communications(PIMRC), Sep. 
2007. 

The femtocell concept aims to combine fixed-
line broadband access with cellular telephony using 
the deployment of low-cost, low-power 3G base 
stations in the subscriber's homes. These plug-and-
play residential base stations would be deployed 
without much consideration to cell planning on the 
part of the user, relying instead on inbuilt auto-
configuration abilities to minimize the impact on the 

macro cellular network by self-provisioning 
parameters such as the transmit and pilot power 
levels. In this project, simulations of the deployment 
of such femto cells in a residential scenario were 
performed to study its effects on the service 
experienced by users that are connected to the 
underlay macro cells. The results show that with 
auto-configuration, the deployment of the femtocells 
would not pose a significant impact on the dropped 
call rate, causing an additional 0.45% increase in 
chance of a macro cell user's call dropping in the 
simulation's worst case scenario. In addition the 
impact of such femtocell deployment on the network 
signaling is discussed. 

 
(3GPP TR 36.921 V 10.0.0) "Femtocell Networks: 
A Survey" Sept. 2008: 

The surest way to increase the system capacity 
of a wireless link is by getting the transmitter and 
receiver closer to each other, which creates the dual 
benefits of higher-quality links and more spatial 
reuse. In a network with nomadic users, this 
inevitably involves deploying more infrastructures, 
typically in the form of microcells, hot spots, 
distributed antennas, or relays. A less expensive 
alternative is the recent concept of femtocells also 
called home base stations  which are data access 
points installed by home users to get better indoor 
voice and data coverage. In this article we overview 
the technical and business arguments for femtocells 
and describe the state of the art on each front. We 
also describe the technical challenges facing femto 
cell networks and give some preliminary ideas for 
how to overcome them. 

 
(Jie Zhang, Guillaume de la Roche, 2010) "A 
hybrid frequency assignment for Femtocells and 
coverage area analysis for co-channel operation, 
IEEE Communications Letters, pp. 880-882, 
Dec2008: 

Successful deployment of femtocells requires 
intelligent cell planning and introduces some unique 
challenges. In this letter, an efficient frequency 
assignment technique is proposed for femtocells 
considering practical issues such as hand-off, 
coverage, and interference. Moreover, interference-
limited coverage area (ILCA) of a co-channel 
femtocell base station is calculated based on 
parameters such as the distance to the macro cell BS, 
path loss exponents, and transmission power levels. 

 
(Claussen, H., 2007) "Resource allocation for 
orthogonal and co-channel Femtocells in a 
hierarchical cell structure," 13th IEEE 
(lSCE2009), May 2009: 

This project focuses on the frequency allocation 
(FA) schemes between a macro-cell base station 
(MBS) and femtocells in a hierarchical cell structure. 
We present two simple methods among the many 
cases of FA schemes. One is a co-channel FA 
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scheme in which frequency band is shared between 
MBS and femtocells. The other is an orthogonal FA 
scheme in which the frequency is separately 
allocated between MBS and femtocells. Through a 
computer simulation, we demonstrate the orthogonal 
FA scheme has a coverage extension compared with 
co-channel FA scheme as well as MBS without 
femtocells. 

 
(Cho, K., et al., 2009) System Capacity 
Improvement by On Request Channel Allocation in 
LTE Cellular network, Jun 2014: 

Interference between Femtocell and Macrocell 
has been noticed by many alliances and has been 
solved to some extent but still there are issues such 
as co-channel interference between Femtocell and 
Macrocell still needs to be addressed. To mitigate the 
interference, several adaptive approaches have been 
proposed. Some of these approaches are fractional 
frequency reuse (FFR) method, soft frequency reuse 
(SFR) method, semi static frequency reuse method 
and adaptive frequency reuse method. Fractional 
frequency reuse (FFR) and soft frequency reuse 
(SFR) methods have been proposed to achieve 
frequency reuse  factor I and reduce ICI in LTE 
networks. In FFR, the system spectrum is divided 
into two non-overlapping bands, referred to as inner 
and outer bands. The inner band is reused in every 
inner cell region to serve users near the cell center 
while the outer band is shared by outer cells to serve 
users located in cell edge, with a reuse factor greater 
than 1. SFR scheme has been proposed as an 
alternative to FFR scheme. SFR differs from FFR in 
that the whole spectrum can be reused in every cell. 
In SFR the spectrum in each cell is divided into two 
groups, major and minor subcarriers. The major 
subcarriers can be used by users located in both inner 
and outer cell regions and they are orthogonal to each 
other in adjacent cells. The minor sub-carriers have 
lower transmit power than the major subcarriers and 
are used only by inner cell users. The ratio between 
minor and major subcarrier transmit powers is 
referred to as power ratio. Simulation results in 

showed that SFR achieves higher spectrum 
efficiency than FFR. However, the spectrum and 
power allocation for major and minor subcarriers in 
the SFR schemes are fixed. In a hybrid frequency 
assignment for Femtocells in co-channel operation 
system has been proposed. Co-channel operation is 
only allowed in the edge zone, while Femtocells in 
the center zone use a dedicated frequency band 
which is not used by Macrocell users. Even though 
this method can reduce interference between the 
Macrocell and Femtocells in the center zone, 
Macrocell users in the edge zone suffer severe 
interference from the Femtocells due to complete co-
channel operation and low power signal received 
from Macrocell BS. 

Frequency reuse and pilot sensing scheme has 
been studied to reduce the interference between 
Macrocells and Femtocells. In this approach, after 
applying the frequency reuse factor of 3 or above to 
the Macrocells, the Femtocells use the remaining 
frequency sub-bands. However, the Macrocell 
throughput is reduced, even though the overall 
capacity is enhanced.  

 
Methodology: 

The Macrocell coverage is divided into centre 
zone and edge zone. Edge zone has three sectors 
covers 120 degree each denoted by sub-area A, B, C. 
Each sub area has 60 degree virtual sub sectors 
denoted in small letters a, b and c which are allocated 
as the same frequency sub-band and power of A, B 
and C respectively. For Macrocell, different 
frequency subband (PRBs) is allocated to the each 
Macrocell sub-area according to the FFR. Consider 
the total number of PRBs is N. Number of PRB 
allocated for center zone is 2N/3 and for edge zone is 
N/3... Also consider N/3 is the sum of PRB N1, N2 
and N3 allocated for sub-area A, B and C 
respectively. As mentioned above, only edge zone is 
considered and it is focused on only one sector, i.e. A 
for PRB allocation. The other two sectors are treated 
in a similar manner. The total number PRBs of N1 
can be used at Macro layer.  

 
 

 
Fig. 1: Femtocells deployment in Macrocells 
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Figure 1 shows sector A has 2 virtual sub-
sectors, c and b. Consider, sector A has a frequency 
sub-bands which is used only by Macrocell users 
located in this sector. On the other hand, frequency 
sub-bands allocated for B and C sectors used by 
Femtocell or Macrocell cell edge users are located in 
virtual sub-sectors 'b' and 'c' respectively. So there 
will be no interferences between Macrocell users and 
Femtocell users as they use different frequency sub-
bands (PRBs). Same technique is applicable for 
Sector B which has 2 virtual subsectors 'a' and c and 
Sector C which has 2 virtual sub-sectors 'a' and 'b'. In 
above figure the small circles indicate Femtocells in 
different sectors. 

 
Implementation: 
Algorithms: 

The algorithm is divided into three main steps as 
described below.  

1) When a Macrocell user or Femtocell user 
attempts to make a call, it then measures the signal 
strength receiving from nearer BSs. Say, T1 signal is 
received from its serving BS and T2, T3, T4 signals 
are received from other BSs.  

2) If T1» T2 or T3 or T4 in terms of signal 
strength then user is allocated PRBs from its serving 
BS.  

3) If T1 > T2 or T3 or T4 OR T1 < T2 or T3 or 
T4 in tenns of signal strength then user is allocated 
PRBs from either virtual sub-sector a or virtual sub-
sector b on request basis.  

 
Formula Calculation: 
Sinr: 

SINR For Femtocell user FUE F received SINR 
is given as follows: 

                                

 
 
where, PF,k, PF',k and PM,m,k denote the 

transmit powers from serving Femtocell Base Station 
(SFBS), neigbour Femtocell Base Stations (NFBS) 
and Macrocell Base Stations (MBS) respectively on 
PRB k.  

PZ,F,m,k represents the path loss between FUE 
F and its serving BSI. P'I,F',m,k represents path loss 
between FUE F and its neigbour Femtocell BS which 
is known as interfering signal on F. 

 PZ,M,m,k represents path loss between FUE 
and neighbor Macrocell BS. XF,k=l, when FUE F 

requests PRB k from Macro BS through Femto BS to 
occupy PRB k and then SINR will be calculated for 
FUE F on PRB k.  

When XF,k=l, then XF',k =0 and XM,m"k =0 
because one PRB cannot be shared by more than one 
user at a time. 

 If XM,m,k=O, it means there is no PRB 
occupied by the user F and then SINR for the user F 
will be zero. 

 
Throughput Calculation: 

 

                                              
 
The throughput of base station is the sum of its 

serving UEs 
Bo is the bandwidth of one PRB 
N is the total number of PRBs 

SINR it is the ratio of signal power to noise 
power. measure 

in db 
 

RESULTS AND CONCLUSION 

 
Fig. 2: Average PRB efficiency 
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Figure 2 shows the average PRB efficiency with 
respect to the number of femtocells. The simulation 
result shows a significant improvement by proposed 
method in the average PRB efficiency. Our proposed 
scheme has lower average PRB efficiency compared 
with DRA-HL and RAFF-LL when the number of 

femtocells is between 30 and 50; however, the 
average PRB efficiency still improves 11 % by the 
proposed method. The PRB efficiency is higher 
when the number of femtocell is between 200 and 
250 compared with DRA-HL and RAFF- LL. 

 

 
 

Fig. 3: Average cell capacity 
 
Figure 3 shows the average cell capacity of 

Macrocell system. The average system capacity is 
increased when the number of femtocell users is 
reduced in the Macrocell edge zone area. Specifically 
for the case of 50 to 100 Femto users, the capacity of 
the Femto user is satisfactory as up to this number of 
femtocells is enough to share a specific number of 
frequency channels without any interference. Thus 
the average cell capacity of the proposed scheme is 
higher as compared to Femto 3 sector and FFR-3. In 
summary, the proposed scheme reduces the 
interferences enhances the overall throughput 
considering both Macrocell and Femtocell. Specially, 
the throughput of cell edge users is much enhanced 
significant as they can use interference free channel 
by 'On Request' channel allocation in the proposed 
scheme. 

                               
Conclusion: 

Femtocell technology can provide many 
advantages to the mobile subscribers and the service 
providers. Thus, femtocells could be viewed as a 
promising option for next generation wireless 
communication networks such as OFDMA-based LT 
E networks. However, there is interference problem 
due to lack of proper frequency band allocation 
method. In this paper, an interference mitigation 
technique based on channel allocation knowledge is 
proposed that allows the Femtocells or Macrocell 
edge users to access PRBs on request basis to satisfy 
the increasing demand on higher data rate. The main 
advantage of the proposed method is that it can save 
more spectrum as it is on request based PRB 
allocation. The simulation results have shown that 

the proposed 'On Request' method can reduce the 
interferences through increasing the throughput. 
Furthennore, this increase is obtained without any 
decrease in the quality of service. If the bandwidth 
allocated to the system is large, the number of 
opportunistic sub-channels would be increased and 
system performance will also be improved. 
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